The objective of this study was to assess performance of wheat seeds after application of three components [fungicide, zinc (Zn), and polymer], separately or with their combinations, as well as assessing seed quality and yield. Thus, the treatments consisted in combinations of fungicide + zinc (Zn) + polymer, totaling six treatments, with four replicates per treatment, as follow: T0 -without application of Zn, fungicide, or polymer (control); T1 -Zn; T2 -Zn + polymer; T3 -polymer; T4 -fungicide; T5 -polymer + fungicide; and T6 -Zn + polymer + fungicide. The performance of the seeds originating from plants whose seeds had been pre-treated was assessed by tests of germination and vigor, in addition to analyzes of growth and yield. It was concluded that wheat seeds treated with zinc, fungicide and polymer are positively influenced until 30 days after emergence. The germination of wheat seeds is positively influenced by the treatment with fungicide, as much when separately applied as in combined application with zinc and polymer. The yield per plant increases when seeds are treated with Zn.
Introduction
In the 2010/2011 crop, wheat production in Brazil was approximately 5.8 million tons of grains, with an increase of 17% as related to previous harvest. The State of Paraná is the largest nationwide wheat producer with approximately 3.3 million tons produced, followed by State of Rio Grande do Sul, second national producer, with a production of 1.9 million tons, equivalent to approximately one third of nationwide production (COnAB, 2011) .
Among aspects related to production of wheat, such as choice of cultivar, type of cultivation and climate, and type of fertilization deserve especial care, chiefly in relation to micronutrients. Among these microelements, zinc can be highlighted and its deficiency can cause reduction on rate of plant growth, by limiting expansion of leaves; in addition to elongation of plant stems, and restriction of root growth (Bergmann, 1992) , consequently determining reduction on yield. Zinc is the micronutrient that most frequently has proved to be deficient in Brazilian soils (Ribeiro and Santos, 1996) , especially in presence of heavy phosphate fertilizations (Barbosa-Filho et al., 1994) .
Zinc is an enzymatic activator responsible for growth of the plant species and by maturation of their fruits. The zinc-deficient plants present evident symptoms chiefly on youngest parts of plants (Vitti and Serrano, 2007) . To be efficient, the seed treatment with zinc has as a basic principle its translocation to whole plant. Thus, zinc reserves become important by preventing initial symptoms of deficiency (Ribeiro and Santos, 1996) . Application of zinc on seeds has effect on germination and on initial growth of seedling, as well as favors physiological quality of the seeds produced (Santos, 1981) ; in addition, allowing high uniformity in distribution of seedlings in field, cost reduction on transport of seeds to field and its own application, besides rationalizing use of reserves of non-renewable minerals.
The absorption of the zinc applied to seeds occurs almost in its totality, thus increasing reserves of this element in the seeds. Plants grown under low-zinc conditions, generally produce seeds with low content and concentration of zinc that, when sowed in zinc-deficient soil, will originate less vigorous seedlings; what will be reflected on the low yield at harvest. The increase of zinc content in the seeds has positive effect on increment of yield of plants grown under this conditions (Genc et al., 2000) . The zinc application on seeds of sorghum in relatively small amounts via pre-conditioning may be a promising form of fertilization; as it has been studied for other grasses such as corn and rice (Ribeiro and Santos, 1996) . The practice of adding zinc to seeds favors uniformity of application and places the element in immediate contact with the first emitted roots (Barbosa-Filho et al., 1982) . In upland rice cultivation, these same researchers have observed that application of 10 kg.ha -1 of zinc in the sowing furrow, and/ or application of a 1% zinc solution on the seeds showed no statistically significant difference on grain yield.
The use of polymers jointly with application of several nutrients is being studied by many researchers. In cotton, Lima et al. (2006) have found an interaction between the factors "coating films and chemical treatment of seeds", and they have concluded that seed coating did not negatively impair seed physiological quality; besides providing better adherence of chemical product on the seeds. It is a consensus among researchers that the supply of zinc through seed treatment is one of the best modes of product application, due to the little amounts required by plants, better uniformity of distribution, and lower cost of application, as well as of guarantee that nutrition of the plants in initial growth stage, in which the root system is little developed, they are positively affected by absorption of zinc from soil (Bonnecarrère et al., 2004) .
In this context, the objective of this study were to assess behavior of wheat seeds after application of zinc, fungicide, and polymer, and each one of them alone or in combination; besides verifying quality and yield of the seeds produced.
Material and Methods
The experiment was carried out in the Didactic Laboratory of Seed Analysis and under greenhouse conditions, both belonging to the College of Agronomy Eliseu Maciel of Federal University of Pelotas, Pelotas, State of Rio Grande do Sul, Southern Brazil (31º42'42"S; 52º10'32"W), using wheat cultivar BRS "Guamirim".
Treatments consisted in application of Zn, fungicide, and polymer, separately or jointly, thus totaling seven treatments, with four replications per treatment, as following described: T0 -without application of Zn, fungicide, or polymer (control); T1 -Zn; T2 -Zn + polymer; T3 -polymer; T4 -fungicide; T5 -polymer + fungicide; and T6 -Zn + fungicide + polymer.
The seeds were treated with products applied in the following order: fungicide Maxim-XL ® in dose of 1 mL.kg -1 of seed; polymer Sepiret ® in dose of 2.5 mL.kg -1 of seed; and a zinc-based product with 780 g.L -1 of zinc, in dose of 2 mL.kg -1 of seed. The spray volume used was 8 mL.kg -1 of seed, keeping this proportion with water. The products were directly placed in bottom of a plastic bag until 10 cm in height. Immediately after, 200 g of seeds was placed inside the plastic bag, which was then shaken during 3 min. In sequence, seeds were placed to dry at room temperature, during 24 h (nunes, 2005) . These treated seeds were used to assess physiological quality before sowing and then cultivated until harvest. After harvest, physiological quality was assessed in the seeds produced by plants originated from seeds previously treated in the same way.
After coating, the physiological quality of these seeds was assessed by following tests:
Germination (G): this test was performed with four replications of 50 seeds each, for each seed sample. For this, the seeds were distributed on top of two sheets of Germitest® paper, previously moistened with distilled water in a ratio equivalent to 2.5 the mass of dry substrate, and covered with another sheet. The rolls were kept into a seed germinator, at 20 ºC. Assessments were performed at eight days after seeding according to Rules for Seed Testing (Brasil, 2009 ) and results were expressed in percentage of normal seedling.
First count of germination (FCG): such assessment was performed at the fourth day after seeding during conduction of germination test.
Accelerated aging (AA): seeds were distributed over an aluminum screen placed inside a plastic box (gerbox), containing 40 mL of water, maintained at 41 °C at a BOD incubator for 72 hours. After such period, seeds were subjected to germination test and normal seedlings percentage was assessed at the fourth day after seeding.
Cold test (CT): it was conducted with four subsamples of 50 seeds each, for each sample following methodology described for germination test. However, with the paper rolls placed into plastic bags, which were closed and kept into an incubator at 10 ºC, during seven days. After this period, the rolls with seeds were transferred to a seed germinator and kept at 20 ºC, and germination was assessed after four days (Cícero and Vieira, 1994) .
The seed sowing was also carried out under greenhouse conditions, by using 15 L capacity pots filled with sifted soil. The soil fertilization was performed following recommendations of soil analysis, of Commission for Recommendations of Chemistry and Fertility of soil for states of Rio Grande do Sul and Santa Catarina (2004), and Manual of Technical Information for Wheat and Triticale (season crop 2010). nitrogen, phosphorus, and potassium were applied 14 days before sowing. The experimental units were daily irrigated keeping soil moisture close to the field capacity. Twelve seeds were sown per pot, leaving only seven plants per pot after thinning. The samples for assessing initial growth took into account the following variables: leaf area (LA); plant height (PH); and dry phytomass of the aerial parts (DPAP). For these determinations, one plant per pot was randomly collected at every 10, 20, and 30 days after emergence (DAE) by cutting such plant at the soil level. The LA was determined by using a photoelectric leaf area meter (brand Li-cor; model LI-3100) that provides direct reading in cm 2 . For determining PH the measurement was performed with graduated ruler in millimeters with results expressed in cm. The DPAP was performed by the oven method at 60 ºC, inside which the seedlings were kept for a period of 72 h, and then weighed in an analytical balance with centesimal precision. With the results achieved in assessing leaf area and dry phytomass of aerial parts the following parameters were determined: crop growth rate -CGR (mg.day -1 ); relative growth rate -RGR (mg.g -1 .day -1 ); and liquid assimilation rate -LAR (mg.cm -2 .days -1 ). These determinations were based on the equations described by Gardner et al. (1985) , which are: CGR = (DM2 -DM1)/(T2 -T1): RGR = (ln DM2 -(ln DM1)/(T2 -T1); LAR = (DM2 -DM1)/ (T1 -T1) * (ln LA2 -ln LA1)/(LA2 -LA1); Where DM = dry mass; T = time; and LA = leaf area.
The harvest was manually performed at reproductive stage in which two thirds of wheat spikes was presenting lightbrown or cream coloration, thus characterizing physiological maturity. The quality of seeds produced was assessed by the tests: FCG, G, and AA as previously described; in addition to: hectoliter weight (HW) that was obtained by analysis performed in three replications and measured with a specific scale, with capacity of one liter of seeds, with result expressed in kg.hL -1 ; and yield (Y), obtained by weight of the seed harvested manually, and by correcting moisture content to 13%.
A completely randomized experimental design was used with six treatments and four replications; and data were subjected to AnOVA. Means were compared by Tukey tests, at 5% probability. To perform statistical analysis it was used the Winstat Statistical Analysis System, Version 1.0 (Machado and Conceição, 2003) .
Results and Discussion
In Table 1 , results for FCG, G, CT, and AA are presented. In germination test, the treatment of seeds with fungicide and polymer presented better results than when seeds were treated with Zn + fungicide. However, when the FCG was assessed, the same results were obtained for treatments with polymer and fungicide; although it is also possible to verify that control treatment and the treatment with Zn + fungicide + polymer both have produced results lower than those obtained in the formerly mentioned treatments. In CT, seeds subjected to pre-treatment using combination of Zn + fungicide + polymer showed higher performance than non-treated seeds. In AA test, seeds non-treated, but coated with Zn + polymer and polymer alone, have showed lower performance than the seeds that submitted to others treatments. In rice seeds coated with zinc, fungicide, and polymer, Funguetto et al., (2010) also have not found alterations on seed germination. However, Yagi et al. (2006) have detected decrease on germination of sorghum seeds treated with zinc. Analyzing results achieved in this study it can be inferred that by lack of protection of polymer on the seeds, forming a protecting pellicle on the seeds treated with zinc, fungicide, and polymer, these seeds have presented lower capacity to germinate under the stresses conditions caused by high temperature.
On table 2 are presented results for initial growth of wheat seedlings assessed at 10, 20 and 30 DAE and which are originated from seeds treated with zinc, fungicide and polymer. As it can be noticed through the data presented in that table, the seeds treated with zinc have produced plants with PH, LA, and DFAP, higher than plants from the remaining treatments when assessed at the tenth DAE. The efficiency of treatment with zinc has been also detected by Ribeiro e Santos, (1996) who, in studies with application of small doses of zinc via sorghum seeds have likewise found improvement on growth of other plants species, such as corn and rice. The treatment of seeds with combinations of zinc with fungicide and polymer have not induced statistically significant differences in the assessment performed at 20 DAE for the PH variable; while for LA and DPAP the treatment with polymer alone has presented higher performance. Results for LA showed that the coating with polymer alone has promoted the best response. However, for DPAP it was found that seeds coated with the polymer alone or with the combination of Zn + fungicide + polymer promoted the highest production of dry matter, higher than the production obtained for remaining treatments. These results corroborate results obtained by Coutinho et al. (2001) , in which was evidenced that application of zinc in pre-treatment of seeds promotes increments of: dry phytomass, and content of zinc in aerial parts; as well as accumulation of zinc and micronutrients in aerial parts.
In relation to the assessments performed at 30 DAE, it was not found statistically significant differences among treatments for the PH variable. nevertheless, for the variable LA the combinations of fungicide + polymer and of Zn + fungicide + polymer have presented the best results. For DPAP, treatment with the combination of Zn + fungicide + polymer was the one that promoted the best performance of wheat plants; although with results similar to those found in treatments with fungicide and with fungicide + polymer. The results corroborate results found by Prado et al. (2007) , they have found increase on initial performance of corn seedlings, after treatment of seeds with zinc sulfate (ZnSO 4 ).
On Table 3 are shown results of assessments performed to determine growth of wheat plants, originating from treatment of seeds with the combination of zinc with fungicide and polymer. The CGR represents the gain of dry matter in function of assessments periods; and by data shown, it is possible to demonstrate that treatment of seeds with the combination of Zn + fungicide + polymer was higher in the three periods of assessment studied; thus demonstrating the positive influence of this treatment on initial growth of wheat plants.
The CGR represents the variation on dry mass in function of initial dry mass within an interval of time; and by data presented on Table 3 , it is possible verifying that the wheat seeds treated with polymer produced plants with higher CGR. The LAR expresses dry mass produced by leaf area unit per unit of time; and within the period of 11 to 20 DAE (Table 3) it is observed that wheat seeds treated only with polymer have produced plants with higher LAR. However, in the period of 21 to 30 DAE, it can be observed the significant effect of treatment with combination of Zn + fungicide + polymer; which were higher than other treatments. This allows inferring that after 20 DAE, the plants were able to absorb the applied products, chiefly zinc.
In relation to yield and quality of the seeds produced (Table 4) , which were originated from seeds treated with the combination of zinc + fungicide + polymer, it can be verified the positive influence on yield, first count of germination, and germination. It also can be noticed that treatment of seeds with zinc alone has provided significant increase on yield. These results agree with those results obtained by Ohse et al. (1997) that have observed that number of panicles per rice plants, varied in function of the zinc dose applied to the seeds; for a maximum estimated number of 5.94 panicles per plant using the optimal dose estimated of 0.76 g of Zn.kg -1 of seed, equivalent to 114.0 g.ha -1 of zinc. However, Funguetto et al. (2010) on rice seeds and Orioli-Junior et al. (2008) on seeds of wheat, statistically significant differences among doses of zinc have not been observed; indicating that have not occurred differences on the number of wheat spikes treated with zinc. Table 3 . Results obtained for the variables: crop growth rate (CGR); relative growth rate (RGR); and liquid assimilation rate (LAR) of wheat plants, cv. BRS "Guamirim", from seeds previously treated with different products, and assessed at intervals of 1 to 10, 11 to 20, and 21 to 30 days after emergence (DAE). The treatment of seeds with the combination of Zn +fungicide +polymer has induced higher performance for the FCG variable. nevertheless, for germination it has been found that this treatment, jointly with the treatment with fungicide alone, also has provided a higher performance than those provided by the remaining treatments. With this, it is possible to infer that use of fungicide, in both the treatments, has reduced incidence of fungi prejudicial to seeds, thus increasing number of normal seedlings. These results disagree from results achieved by Yagi et al., (2006) who have found that the sorghum seeds treated with zinc have presented decrease on germination; as well as from results obtained by Vieira and Moreira (2005) that have also verified alterations on germination of rice seeds coated with zinc. In AA test, performed in this study, it was not found statistically significant effect of treatment on yield; as well as for hectolitric weight (Table 4) . Table 4 . Results obtained for the variables: yield (Y); first count of germination (FCG); germination (G), accelerated aging (AA), and hectoliter weight (HW) of wheat seeds produced by plants originating from seeds treated with zinc, fungicide, and polymer. Studies related to increment of zinc in seeds and/or grains are of great importance due to innumerous benefits that this micronutrient represents; chiefly the increments on seed quality, and on growth and yield of plants. In addition, deficiency of zinc is responsible for damage on human health, including damages on physical growth, immunological system, learning capacity, and development of cancer (Hotz and Brown, 2004; Prasad et al., 2007) .
Conclusions
Wheat seeds treated with zinc, fungicide, and polymer are positively influenced until 30 days after emergence.
The germination of wheat seeds produced by plants whose seeds had been treated with zinc is positively influenced by treatments with the fungicide alone, and/or with the combination of zinc +fungicide + polymer.
The yield per plant increases when wheat seeds are treated with zinc before sowing.
